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1. fiS, k /H-9A||Al(£S)_1- 
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CMOS ojs. ^^7] (variable gain amplifier HI ^rtr $±3., ^ 

^ofl tn)-^ 7 }*i o]^. ^71^ all 1 ^ afl 2 *W ^^}7] 1 ^ 

^tb ^1 2 ^#4, ^-71 2:^ ^ W r °H^ ^^-g- *1^ ^Hflo^ ^ = 

1- « & M3*r^, -#7) u]z\ ^71 ^ 2 9}^ 3 9l ^» ^^>7] 

$m ^1 3 ^#4, ^7l *fl 2 ^r^l ^*fl #3 €^H1 n^e(- 7>^ ol^-g- #i=. 

#^ ^ v ^^>7l all 4 ^-g- , 91^ £ ^ yl-ojoi^ ^-g- 

^ ^ ^ -H^r -§-3- >3^HH T^fifl^-, ZLAj^o] S^Kr 7]^ all 

^H, #<?H ^oj- Ol^^ 2^%V ^ ol^ 7>^ o]^ 

7)7} ^m^f. 

S. 1 

CMOS 7>^ o)^ ^7), ^ *}o]o] + 
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7 r 1 £ ol^- ^^-71 {Variable gain amplifier} 

5. l£ If^o} o_j ^X) C^l^l tCf^ ^ofl CMOS 7>^ 

£ 2 ^ ^ ^^1 ^tt 7Wr ^€ ^KM^ 

^ofl ^ CMOS 7>^ ol^- ^^7l^ 

CMOS 7>^ ol^. #-^71 (Variable Gain Amplifier; VGAH ^-tr 
^] °J^€ ^ w r °H^ ^ofl o|*V ^oj- ^ ^ ^ ^o^ofl^ 7-1 2)1^. (low 
distortion), -H^i^(high linearity)^ o]^-§- 71^^ ^l^S}^ , 

^(control voltage) <*lJi°11 ^«1H ^ ^3HH ^ ^ 5^ 7>^ 

^7H ^rtr 

CMOS 7}^ o]^- ^S.71-1- ^7j)^ ufl tiV=A] JLe^flo)^ <5}^r ^*Rr ^IJl 

3.7H1 tfl*r ^IJL tfiHl ^-^l^(Signal-to-Noise; SNR)^ ^5}-, ^2)-^ cfl<*S- 
(bandwidth)^ 3.71, 7-1211^-, ( 1 inearity)* iL#*Hr <^ -*]JlS] a.7l , 

^-5- ^(control voltage) ^ ojs. ^^.(gain control range) ^1 
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Stb, S?3°l| tfltr 3^ sl^^- wfl^l^ ^7> CMOS 3 

^ ^r^Hr ^^7> ^*flsj ^>7l^ s.^^" 100MHz 7}x}7] ^x] &t}. HE] 

JL, MOS i*}^ threshold) 3.7} ^±.2] *|)^ irfl^-ofl a]^ 3.71 7> 
*fl*r£H ^ €%tr SIS. 7lcH^>7l o^i}. 

*ldLW] ^ A 3Sr 7^H ^SMH CMOS 7}*1 o}^ ^3L 7 ] 

1- ^Sl reintegrated Circuit^ ^P-^^l-71 o^tf. 

^ ^IJl^ tfltr 7>>g o]=- ^ 71^ *fl^-*H <?H^ ^-ff- Hl-olol^ofl s^tr 
^ *Hd* ^ CMOS 7}^ oi^. ^71* ^^Krdl oiq-. 

CMOS 7>^ o]s. ^7l«- ^^-^c-11 ^cf. . 

1^1 ^ 7>^ o]^. ^7i^ ^i i ^ ^ 2 ^ <a n ^tr 

1 =7^4, 3i<?H| tcj-^ m^^oi^o] 37l# cf^tr #^ ^» 

t^*>7l 2 <#7) 2:^ ^ Wl-ojol^ ^og-o. ^ og^^ n] &| ^ 

Efl£] #^"fr ^H^r^, ^-71 #ff"I- ol-g-^ AV 7 ] ^ 2 ^cHl 3 °J 

^^■7} 4 3 ^#-4, #7} ^ 2 ^i=H ^1^11 #^ #^M1 Of&l- 7}^ o]^ 
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<9> o}*> ( i^-i- #2:«H -g- h}^^ ^a] efl« H^iLiL*) % v 

^3. t}§ C}<#tr ^BflS , £ A] A) cfl^ ^- 7 l]Al7> 

S^r^ o] 71 # «-0>6|M ^1^1* 7>A] ^H7fl ^^*»H 

<io> £ l£- <S ^)°\] ^ *>3€ h>°1 <H ^(current bias) 

Sit!: Ai2fl^-(low distortion), .31*1^ (high linearity) ^ JL^r CMOS o] 

<n> ^ #AKVdd)2}- 1 i^(Q101) A>o]6fl 1 7^(R101)-4 1 NMOS B^*|^ 

BKN101)7> 31 #7}-(Vdd)Sr *f| 2 i^E.(Q102) *}o]<q *fl 2 ^^-(R102) 

4 *fl 2 NMOS HM^(N102)7> ^ ^sq^efl, ^1*^2 NMOS B€*l^El(N101 
^ N102)^ #<y-(VcHl ^5} B^7i^^7}- S^sM 7]-^^^ #^ ^ 
^^IfJcf. ^ 1 ^ *ll 2 NMOS H€^1^(N101 ^ N102H1 £)*fl #^ #ff-^r *H 

1 tHKRIOD-bI- 2 7HKR102H #^ ^i^o] £)<>| ^1 1 ^ ^>(Vo-)4 2 

M £*KVo+)-& -f-sfl #^^cf. *fl 1 ^=(Q101)^r *fl 3 i^EL(Q103) 
^ 1 °^ #<y-(Vi+H tr)-^ ^--g-sq^- aj) 3 NMOS HSfl7liE-KN103)2r *fl 2 i^E. (Q 102)2}- 
*fl 3 i^(Q103) *}<>}<$ 2 <a^ ^^(Vi-)1 4^ *)l 4 NMOS 

*l^Ei(N104)^r *W ^ns. ^€^f. 3 t^(Q103)^ ^-a>(Vss) ^>o]cfl 

5 ^=(Q105)^ ^Jflofl tt)-e}- *fl 5 ^ A 6 NMOS Biffl7l^£KN105 ^ N106) 

7} ^^S. ^ 1 ^(Q101)Sf ^V(Vss) ^€ ^ 7 NMOS 

*]^Bi(N107)Sr ^1 2 ii=(Q102)sq- ^x] #a].(Vss) a}o}6\) ^4^5) ^ 8 NMOS 
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H^fl^liEKN108)^ *fl 6 icJ=(Q106)Sl 3l$H 4^ ^-S-^^. ^KVdd)^ afl 4 

iii=(Q104) A>oloi] ^ff-^KlsH ^4^cf. *fl 4 ic=(Q104)^ *fl 5 ^£L(Q105) A}o]oil 

^(VbH 4^ ^s]^ 1 PMOS H^l^BKPlODsf 4 
(Q104)^ 6 i^EL(Q106) ^H°ll ^3°! 3:^ ^(VcHl nj-sj- 2 PMOS 

H^^l^Ei(P102)^ ^BflS. ^1 5 ^=(Q105)2}- ^>(Vss) *}°}*\} 

^4=-5)o] ;*)) 5 i^E(Qi05)£l £$]o\] 4^ ^-g-s)^ z\] 9 NMOS ^] (N109)£f 6 

^.E.(Q106)S}- ^x) ^>(Vss) A>olofl ^^5]^ 6 ^j=(Q106)£] ^<$6]] vs\^\ =?-^S\±= 
10 NMOS H^fi^^BKNllO)^ ^ ^Hfls. ^^^4. 

<13> <sj^ al-oH^ ^(Vb)^ ^^(Vc)ol *\3. #J±3 °]7} ^ 

«fl ^M(Is)^.S^£l *fl 1 ^ *fl 2 PMOS H^^liEi(P101 ^ P102)«- ^ 

^ ^Hfls. <y e^-g: ^ ^JI oi^ ^1 5 ^ ^1 6 ^JEL(Q105 ^ Q106)<=Hl -g-^tf 

. *fl 5 ^ *ll 6 2xi=(Q105 ^ Q106)S *IfHl ^*fl 5, *fl 6 ^ 9 NMOS S 

qfl^l^Ei(N105 ( N106 ^ N109)5q- *H 7, ^ 8 ^ 10 
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NMOS E.^]^(H107, N108 ^ N110)7> AA t 2 -^^. tr^S , Xl 1 ^ *ll 2 NMOS 
*l^£l(N101 ^ N102)^l H^i^i^^ii(transconductance)^ H7l^b ^(VcHl 
^*fl 2^=14. 4sH, Xl 3 ^ Xl 4 NMOS H^*liEi(N103 ^ N 104)1- ^ ^^a] ?1 
*r *11 1 ^3 ^(Vi^O^r Xl 2 <^ ^(Vi-H Xl 1 ^ Xl 2 NMOS 

(N101 ^ N102)S] #^ *l^-7} MJ-^^j7 ; o] xl 1 ^ xl 2 7i*J-(Rioi ^ 

R102H 2)n #<N ^<a-o] ^ol ^1 1 * ^ 2 f ^ ^(Vo- ^ Vo+)S.^ a} 
7H, Xl 1 ^ Xl 3 NMOS H^fl^l^BKNlOl ^ N103) JE^r *ll 2 ^ Xl 4 NMOS 
B^^liBKNlOl ^ N103)fe AA ?fl^^(cascode) -R-*1*H Xl 1 ^ 

*ll 2 #^ ^-7>(Vo- ^ Vo+Hl*1 €■ #^ (impedance)* 5>t11 ojs. oisfl 

°l^h8: 3711 S 2^ ^<y-(vc)si 4^ Xl l ^ XI 3 NMOS Bqa^liEi 

(N101 ^ N103)^ iS]-^ (saturation regionHH -§^>Tr 1^ ^11 1 °^ 

(Vi+)*r Xl 2 <^ ^ISHVi-H <y7>£]^ Xl 3 ^ Xl 4 NMOS B31*l^Ei(N103 ^ N104) 
^ -id*§3 -§^-<3 ^ ( 1 inear region) JEtt Ss|-<g<*|XH ^^tlcf. ^, 2^ ^^(Vc)^ 
371 7> ^o.^ Xl 1 ^ Xl 3 NMOS H^H^^E^NlOl ^ N103), Xl 3 ^ Xl 4 NMOS H*a*l 
^B](N103 ^ N104) 5.^ iSl-^^^Ai -^2]-^. ^(Vc)^ a.7l7> 3.^ Xl 1 ^ 

XI 3 NMOS H^l^BKNlOl ^ N103)^r iSj-^XH ^2j-*}Xl 5)JL, Xl 3 ^ Xl 4 
NMOS H^1^E-1(N103 ^ N104)^ ^<3^°lH -S-^>X1 ^4. ^H^M , CMOS 
7}#°is. ^ ^ ^i < a-[(Vi+)-(Vi-)]ol °}7}^ nfl ^lX(Vc)» 3X1 

*f^r 2:^ 2-^# A A] *H ^ ^-g- 7fX 
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^ ^ H^^eKNIOI °A N103 BE.^ N102 ^ N104)7> 2.^- is^^HH ^*>7fl 
ffcL, ^<Sr <33 ^<3-[(Vi + )-(Vi-)H ^17>€ ^l^(Vc)« *M1 ^ ^ 

A Ji 5. = * ^7\\ *M *1~§- ^ ^ ^17} <y7}£]ir -r- ^ (N103 ^ N 104)1:^: & 

ofl 4^ ^ 6 2^E1(Q106H €^-7> ^S\JL, o}6\] ojsfl ^ 10 nmos (N110) , 

*0 7 ^ 8 NMOS B^*l^Bi(N107 N108)7> ^fltf. ^ ^*}-°- ^ 

-2- ^ 1 ^ ^ 2 <B3 #<g-(Vi+ £ Vi-)4 ^ oj^ofl ^^>t11 wH<Hit -n- 

Xj^Tfl £M *l| 1 #3 ^>(V0-)^ *fl 2 #^ #7}(Vo+)7> ^ 91^^^. 2: 

3 ^iSKVcW H>oi<^i ^(Vb)^ 3*3 ^ ^ ^^ofl ccj-ef *)l 5 

(Q105H1 *L-1f7> ^5lJL, ojofl *j) 9 nmoS H3N^eHN109), *fl 5 £ X| 6 NMOS 

H«>iBl(N105 ^ N106)7> ^S|rf. , ^ o] 

^--i- ^ ^Tfl ^4. ^7]*\, v}o)o]+ ^i^-(Vb)^ 7}£ ol^. ^<%o\)A] ^ ojs.^- 

7>^ nfl^ 2^ ^<a-(Vc)Sl 37l<4 £tf. ^tb, H7l7> ^ 5 ^ 6 NMOS B^l 
^El(N105 ^ N106) iE^r ^1 7 5? *fl 8 NMOS H€*l^El(N107 ^ N108H <^*>JI 

£ 2^r t}^ d\)6\] afs. t-^V cflAio)] ^ ^ 

*M 7flAj^ ^ ol^ 7 >^ o]S. ^71^ $SJE3.*1, ZL >g^^ 
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^V(Vdd)^ 2fl 1 ^J=(Q201) a><>H i ^ ^(21) ^ 2)1 1 NMOS 
^l>iEl(N201)7> 3t ^^£)Jl, *M ^XVdd)^- ^1 2 iiJEL(Q202) a>°H ^ 2 W 
*>(22) ^ 2fl 2 NMOS B^^1^B1(N202)7> H ^ 5)^31, 2fl l ^ 2fl 2 NMOS B^li 
Ei(N201 ^ N202)^ ^ # 0 d-(Vc)ofl H^7d^^7} #^ ^ 

*1?X}. ^7^, *|) i ^-s- «.sV(21)^ ^ ^>(Vdd)^ *H 7 ^_E.(Q207) ^oil ^ 
S\o] ^] 8 (0208)^1 ^^ofl nj-ej. ^s)^ ^} 3 PM0S B€*1^(P203) , 
(Vdd)^f 2)1 8 ^£L(Q208) Al-olofl 2fl 7 ic.E.(Q207)^ ^^ofl T^e}- 2fl 

11 NMOS B^^liEKN211), ^ 8 ii=(Q208)^- ^*1 ^>(Vss) <M-°H ^1 2fl 2 

€fRKls2)s}- A 1 «AlEi(C201)B ^M^t}. ZLS^Jl, *ll 2 ^ -¥-^(22)^ # 
^>(Vdd)fif 2fl 9 ^E1(Q209) A>olofl ^^s]ol 2fl io tJ=(Q211)£| ^ T^^lSr 

*ll 4 PM0S H3I*1^£UP204) ) ^ ^>(Vdd)^ *f| 10 2^(0210) 2fl 9 

i^EL(Q209)£l *I3H1 45}- ^§-5^ 2)1 12 NMOS H^^l^Bi(N212), 2fl 10 ^=(0210)^ 
^*1 ^XVss) a>°H ^1 2fl 3 *l^RKls3)4 2fl 2 7fl5flAlEKC202)S. 

^f. ^1 1 ^ ^1 2 NMOS B^^liEXN201 ^ N202H1 £]sfl #^ ^i^-^' *ll 

1 ^ *H 2 ^g- ^-*K21 ^ 22 HI 21*11 #3 £<&o) S\o] *\] i ^ ^>(Vo-)2f ^11 2 
#a oh^>(Vo+)l- ^f-*fl /HI 1 ^-E.(Q201)2} 3 ^=(0203) *}°)°)\ ^^s]^ 

^ 1 °^ ^ t a-(Vi + )<=Hl ^ *11 3 NMOS H^^l^E|(N203)5l- *ll 2 ^H(Q202)s}- 

2)} 3 ^JEL(Q203) a}o]o)| ^4=-s\o] 211 2 °J ^ ^(Vi-H 4^ ^-S^xr ^1 4 NMOS 
^l^Ei(N204)fe ^ ^Efls. ^^4. *H 3 ^2=(Q203)2}- ^*1 ^>(Vss) ^>°H1 

211 5 ii^(Q205)Sl ^ofl ccfe}- 2l] 5 ^ 2l] 6 NMOS H^l^El (N205 ^ N206) 

7> >^fS ^fX}. 211 1 ^=(0201)^ ^*1 ^>(Vss) A>o]oil ^ 7 nmoS B^B 
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*l^Ei(N207)4 2 i^-El(Q202)<4 ^x] T=]:*r(Vss) A}o]ofl ^4=^ ^ g NMOS 
H«iEi(N208)-& *\) 6 ii^(Q206)^ #3H1 44 ^-§^4. ^KVdd)^ ^ 4 

i^EL(Q204) A>olofl *fl i ^^-^(Isl)o] ^#^4. 4 icJEl(Q204)4 5 i^(Q205) 
4°H1 4°l° : l^ ^(VbHl 44 ^-^tt ^1 1 PMOS H*ffl4^(P201)4 *fl 

4 ^=(0204)4 *fl 6 ic=(Q206) 4°H 2:^ *l<y-(VcH 44 ;*)] 2 

PMOS S^^1^E-1(P202)^ 4^ ^Efls. ^€4. 5 ti=(Q205)4 ^}(Vss) 4 

ojoil ^3°1 ^ 5 ^=(Q205)^ ^d\] 44 ^£)tt 9 NMOS ^(N209)4 
^] 6 ^ -EL (0206)4 £>4(Vss) 4°H ^^^^ *ll 6 ^JEL(Q206)£] $.5)°]} 44 ^ 

^1 10 NMOS H^^l^Bl(N210)^ 43 ^Bfl5 ^€4. 

#44 £o| ^51^ ^9] Cf^ ^A] aflofl Oj-^ 7 >^ o)s. ^71^ £ 1-g- 

*i ^>£€ ^4-^4 ^<*( w ideband)<>fl4 -§-4*121 ^14. ^r4^r M-^ 

^3fl^l^l^( frequency compensation capacitance) ( C201 ^ C202)£] 4-§-°fl 
^4^T <3^HM ^44*1 ^4 Stl^r olcf. Aj-7] j^o] ^ o. u. 

*>4 afl 3 aj) 4 PMOS Bi?fl*liEi(P203 ^ P204)£) jeL31<?]t=HH^ ^ofl 
o^^fl 4-^3^5 ^ ±7} 9] 3711- 2^44^ ^4^ ^-1: ^ ^ &4. 

444, £ t^l 4€- CMOS 7>^ o)^ o>^^ ^ 4°1°1^ ^<>\} ^1 

*1 ^sfl^-dow distortion) ^ -Ht}} <^ (high frequency bandwidth)^ 7>^g ^ $1 

^1 4tt 334 M0S ^3 215.5. ifl# * <r $24^ #3°! &4. 



18-11 



• 1020020078446 ^ 2003/6/3 

<19> ^<H1 ^*>^ ^ y^l<H^ ^ ^sfl^- 

^ sjum, ^ sz<h ^-a- ^ ^ ^ 

^Jl^l ^ Als ^*<H 7)^ 7}x)51 $X^. 
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I^t 1 * 1] 

*ll l ^ *ll 2 <^ ^<a-# ^ ^ l 

7] W *)1 2 

#7l ^ t^H^ ^o. ^ om^a) £ = m. M}-^^, 

#7l Plei ^ff"* ol-g-^H #71 2 ^^ofl oj-^^ol ^^ 7 ] -1*V ^1 3 ^ 

i ^ 

#71 xfl 2 ^*=H1 £l*fl <gH9^ #3 3fMl 4el- 7>^ ^ #<$^r ^ 

1% 2] 

^1 1 *M S^i, # 7 J X|l 1 a o V 7 1 ^ ! og^ ^oj-ofl ^ ^sl^ ^1 i 

NM0S B^l^Ei ; ^ 

#71 ^1 2 nq-el- ^g-sqir ^ 2 NM0S H 31*1 it] S °l^-<>1*l£l, #7l 

*H 1 ^ *11 2 NM0S H^l^^l 41.2.^ #7>7} #Jl ^€ 33* ^-2-3. *Kr 7>^ 

°l^-^#7l. 

3] 

^1 1 %H1 &°H, #71 ^1 2 #71 *fl 1 ^ #71 4 AfoHl ^ 

^f^H #71 dL?A ^^ofl 4^ ^7l7> Zl-Zl- 2:^5]^ 1 ^ 2 

NM0S H^l^EiS. ^l^^l ^o.^. *>fe 7>*£ ol^- ^71. 
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4] 

*fl i *oHl sa<H^, #7l 3 *#*M ^ 

#7l *}-o)o^ ^<?H1 4^ t^^M #7l ^^0.3.^^ ^.^} 7 ] 
*ll 1 PMOS H^^l^Bl ; 

#71 Si <4^ ^£)<H #71 ^Q^v^o) ^-^>7l *j) 

2 PMOS H3S*1^E] ; 

#71 *fl 2 ^ #7} A>olofl #7l *fl 1 PMOS 

M ^€ #^1 51*11 ^sl^ *fl 1 ^ ^1 2 NMOS H^l^Ei ; ^ 

#71 *fl 1 ^^1 cj7> A>ololl tgig ^#£1<H #7l *l| 2 PMOS H^fl^l^Eil- 

#*11 ^fMl 2\n ^sl^ *f) 3 ^ ^1 4 NMOS H^l^HS. ol^ol^i 7^^. s.^ 

f>}^ o]^ ^71. 

13^* 5] 

*fl 1 *M Si^H, #71 ^1 4 7-1-Sj-o] ^-g- f^'AS S}^ 7>^ Ol^- 

^^71 . 

6] 

*fl 1 %H1 #7l *fl 4 4^£r ^ #^ #7} A>oHl ^3<H ^,1 l 

^^1 u\-s} ^§-£)^- PMOS 2=33*1^1 ; 
#71 ^>S+ *)) 1 icl= A>olofl ^^£H #71 #^ ^^Hl 4^ ^ 

^1^ NMOS B^^l^Ei ; ^ 
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#4 Xl 1 ^2=4 #4 A>o]6fl 44 3^r€ 71W4 % 4^ 

7] 

Xl 1 ^ X] 2 ^ 4"?H 45} 44 S>44 #47> ^ Xl 1 £ 

XI 2 NMOS ^314^4 ; 

A o v 7l xl l ^ Xl 2 NMOS Hi&4^44 44 ^^44 2^ 44°11 44 H^fi^^l 
4 €^4 3.7} 7} 2:^44 44=*V #^ lH^l-4 4tb XI 3 ^ XI 4 NMOS H€4 

#4 XI 3 ^ XI 4 NMOS B^4^4» ^fl #34 4fHl 44 4^ <>1^-* 
#3 4°*M- ^M§44 4tb Xl 1 3> Xl 2 Jf4; 
^44 4ff--& ^44 4tb sHRl; 

«}°Hi 4°*H1 44 #4 xj^^o S « E ^o] ^ = # ^§>7l Xl l 

pmos B*$4i4 ; 

#7] 4 6 *H1 44 ^#£14 #4 xjf^o^E^ ^iff-l- ^44 4tb Xl 

2 PMOS BsH4^4 ; 

A o v 4 XI l £ XI 3 NMOS B 314^4 4 3^34 ^4 44 44, #4 XI 2 * XI 
4 NMOS B^4^44 ^44 #4 34 44 44°fl 44 3^r44 #4 XI l PMOS H 
^4^4* -f-^fl 4fHl 4«fl XI 5 ^ XI 6 NMOS B^4^4; ^ 
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^7) A) 1 % A) 2 NMOS H^S^l^E^ <#7] #7} ^}o]o\] ^ ^ 

3<H *fl 2 PMOS B^iB]* -f-sfl ^-g-^ cq*fl ^s]^ 7 ^ ^1 8 

y 

NMOS H 31*1^5. ol^o^^l !}-^o.5. S}^- ojs- ^^71. 

8] 

[3^8" 9] 

^1 7 ^Hl $a<>H, ^>7l 1 ^ 2 ^} AA^ ^A®c #^ ^A AVojcHl 

^1 1 t-E.^ 4^ PMOS 

£]tt NMOS H^l^l ; * 
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